Introduction
COPD is a progressive condition characterized by abnormal inflammatory processes in the lungs, leading to irreversible airflow limitation. 1 COPD is one of the common causes of death, 2 with current literature reporting in-hospital mortality rates ranging from 11% to 48%. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition to this significant rate of mortality, COPD has a high level of morbidity and patients often require admission to the intensive care unit (ICU) during acute exacerbations. 6 Patients admitted to ICU with COPD often have multiple comorbidities 15 and present with acute respiratory failure as a result of an infective exacerbation or at the end stage of their disease. 5, 14 The ability of clinical or laboratory features to reliably predict the outcomes of patients admitted to the ICU with COPD has been assessed by a number of previous studies. [3] [4] [5] [6] 14, 16, 17 These studies have produced conflicting results. Significant independent predictors were shown to include increased age, lower body mass index, high partial pressures of carbon dioxide (PaCO 2 ) at admission, renal failure, and forced expiratory volume in 1 second (FEV 1 ). [3] [4] [5] [6] 14, 16, 17 However, these predictors were not consistent across studies, and significant predictors in one study were often non-significant in another. 16, 17 The variable most consistently identified as an independent predictor of worse prognosis was an increased Acute Physiology and Chronic Health Evaluation (APACHE)-II score. 3, 4, 6, [11] [12] [13] [14] Without a firm consensus, the predictive value of pre-ICU measurements, such as arterial blood gas, presence of specific comorbidities, and requirement for mechanical ventilation remains unclear. Furthermore, the majority of studies investigating patients admitted to ICU with COPD exacerbations had relatively small sample sizes. [3] [4] [5] [6] 8, 9, 11, 12, [16] [17] [18] The aim of this study was to identify factors that are independently associated with hospital mortality for COPD patients with an acute exacerbation admitted to ICU.
Methods ethical approval
This study was reviewed and approved as audit activity by Research Governance of Peninsula Health (ref: QA/16/PH/2). As this was a retrospective study that required no patient contact and presentation of anonymized data, requirement for informed consent was waived.
study design and setting
This was a retrospective cohort study of patients admitted to the ICU with exacerbation of COPD at Frankston Hospital. The 15-bed ICU located in Victoria (Australia) is a level III, university affiliated, teaching unit that admits 1,100 intensive care and high dependency patients per annum.
Patients and data
All adult patients admitted to the study ICU between 1 January 2005 and 31 June 2016 with a diagnosis of COPD were included in the study. Patients who had COPD as a known comorbidity but were admitted for management of another condition were excluded.
Data were collected retrospectively from the medical records of eligible patients. Demographic data included age, sex, and relevant comorbidities, including diabetes, hypertension, coronary artery disease, chronic renal failure, and arrhythmias. Other pre-admission variables included smoking status and use of home oxygen and systemic steroids.
Previous admissions to hospital or ICU for an exacerbation of COPD were noted. Physiological data included patients' partial pressures of oxygen and PaCO 2 closest to ICU admission; their highest serum lactate 24 hours after admission; requirement of non-invasive ventilation (NIV) or invasive mechanical ventilation (IMV) and APACHE-II and III scores. Spirometry results from assessments conducted within 12 months prior to patients' ICU admission dates were analyzed. Variables extracted from these tests included vital capacity, FEV 1 , forced vital capacity, and diffusing capacity of the lung for carbon monoxide. Our intensive care management practices of exacerbation of COPD did not change significantly during the study period.
Patient outcomes included hospital and ICU length of stay (LOS) and mortality.
statistical methods
Data were analyzed using SPSS 24 19 and Mplus 8. 20 To compare the differences between the survived and deceased groups of patients, chi-square tests were performed for the categorical variables and the continuous variables were assessed by the independent sample t-tests via SPSS program. The association between the independent variables and the binary outcome of hospital mortality was examined by logistic regression model using maximum likelihood estimation in Mplus.
Results

Demographics and baseline characteristics
Over the ten-and-a-half-year study period, there were 305 patients admitted to Frankston Hospital's ICU with a primary diagnosis of COPD. The mean age of patients was 67.41 (±10.49) years, and the majority were female (59.7%). The most common comorbid condition was hypertension, seen in 52.67% of patients (Table 1) , and over half (61.3%) of patients were either current or exsmokers. One-fifth of patients (20.5%) were being managed on home oxygen prior to hospital admission. A majority (56.3%) of patients had been previously admitted to hospital for an exacerbation of their COPD and 16.7% had previously required ICU admission. Other demographic data regarding our population are outlined in Table 1 . On admission to ICU, patients had a mean APACHE-II and III scores of 17.83 (±6.75) and 60.59 (±22.71), respectively ( Table 1) . Patients' most recent lung function tests within 12 months prior to admission were also collected and our study population demonstrated an average FEV 1 of 40.35% of the predicted value (Table 2 ). Other biochemical values and investigations can be seen in Table 2 .
hospital course and outcomes
The average ICU and hospital LOS was 4.48 (±5.96) and 11.6 (±13.05) days, respectively (Table 3 ). The ICU and hospital mortality were 11.5% and 18.7%, respectively. Approximately one-third of patients required IMV (n=104), and two-thirds required NIV (n=218). 
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Factors associated with mortality in COPD patients Table 2 ).
The biochemical marker that was found to be significantly associated with overall mortality was a high blood urea concentration (11.99 vs 9.66 mmol/L, P0.01). Patients who did not survive hospital admission also had significantly increased white cell counts (WCC) at ICU admission on average, compared with those who survived (15.39 ×10 9 /L vs 13.69 ×10 9 /L, P=0.01) ( Table 2) . 
Multivariate analysis
Discussion
This study investigated the outcomes of patients admitted to an Australian ICU following acute exacerbations of COPD over a 10-and-a-half-year period. In-hospital mortality during the study period was 18.7% and ICU mortality was 11.5%. Age, requirement of mechanical ventilation, ICU and hospital LOS, and APACHE-II scores were found to be significant predictors of hospital mortality. The hospital and ICU mortality in our study compares favorably to the other studies reporting hospital and ICU mortality for this patient group. The mortality rates recorded in this study are at the lower end of the ranges quoted from previous studies, with ICU mortality reported between 6% and 29% 4-6,11,13,14,21 and hospital mortality ranging from 11% to 48%. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] This is likely to be related to improved standards of acute in-patient COPD care in recent years, as well as improved management of co-existing chronic illnesses.
The factors identified to be independently associated with hospital mortality in this study were consistent with those of other studies, including APACHE-II/III scores and age. 3, 7, 11, 13, 18, 21 Requirement for IMV was independently associated with mortality in our study. This finding is consistent with Ongel et al; 13 however, six other studies failed to find any association between IMV and hospital mortality. 3, 5, 6, 8, 14, 17 The exact mechanism of this association remains unclear; however, it is likely to be related to disease severity, with patients requiring IMV likely to be more unwell than those who do not require this intervention. Senneff et al found that, when controlling for severity of illness, IMV had no significant impact on mortality in the short or long term. 14 ICU and hospital LOS were also found to be significant factors of mortality. Few studies have examined the relationship between LOS and in-hospital mortality. Hill et al reported that patients who survived their hospital admission had significantly longer periods of hospitalization than those 
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Factors associated with mortality in COPD patients who did not survive, 11 while Ai Ping et al reported that longer duration of hospital stay was associated with increased risk of mortality. 4 This is likely to be associated with end-of-life practices, which vary significantly between ICUs.
It has been well documented that higher FEV 1 on spirometry is positively associated with longer-term survival of COPD patients. 16, [22] [23] [24] However, consistent with previous studies, 4, 6, 17 spirometry values, including FEV 1 , were not significant independent factors of in-hospital and ICU mortality in the present study. Lower FEV 1 suggests increased severity of COPD and therefore, should theoretically be associated with worse outcomes for patients admitted to ICU with an exacerbation of COPD. Unfortunately, only one-third of the sample had spirometry results available for analysis in the present study, and this may have influenced our findings. Likewise, previous studies investigating this association share similar limitations, with Raurich et al recording FEV 1 and forced expiratory ratio for 70 patients out of 101; 17 Breen et al recording only 60 lung function tests out of 74; 6 and Ai Ping et al only 57. 4 Additionally, the time between baseline spirometry results and hospital admission for acute exacerbation varied within our sample, and this may have impacted on the validity of our findings. Some patients underwent spirometry many months before admission, while others received a baseline reading only weeks prior to hospital admission. This limitation is shared with previous studies investigating this association. 4, 6, 17 A more uniform time interval between baseline spirometry and hospital admission may better elucidate the relationship between FEV 1 and mortality in the ICU setting; however, achieving this is impractical. Indeed, further research into the role of spirometry predicting outcome of ICU admission for acute COPD exacerbations is required given its increasing use as a determinant of COPD severity under current practice. Given that many ICU admissions occur in the context of an acute exacerbation of COPD, it may also be important to consider patients' lung function during this acute illness in relation to their stable baseline.
Univariate analysis indicated significantly higher PaCO 2 , WCC, higher blood urea concentration, and lower blood pressure in patients who died compared with survivors (Table 2) . These findings may be interpreted as representing a more severe exacerbation of COPD; however, these variables were not significantly associated with in-hospital mortality on multivariate analysis. Breen et al have previously demonstrated that higher PaCO 2 level was an independent predictor of in-hospital mortality among ICU patients with COPD; however, no other studies have replicated this finding. 6 Previous studies have suggested that severity of non-respiratory organ system dysfunction during hospital admission may have greater importance in predicting short-term ICU and hospital outcomes, 14, 17 while signs of respiratory dysfunction (including hypercapnia) may have greater prognostic significance in the longer term. 14 
strengths and limitations
The present study included patient data from over 10 years. Our population base for this group of patients is the largest to be studied in a Western country in recent years and therefore, the results of this paper have significant clinical utility in the management of patients in similar ICU settings. Similarly, this study includes data from more recent patient admissions, and is, therefore, better reflective of current clinical practice in the ICU management of acute COPD exacerbations.
In addition, this study was able to use patient databases to investigate a range of important clinical and biochemical variables, and their association with patient outcomes.
Despite this, the present study has a number of limitations that must be acknowledged. Data were collected from a single site, limiting its generalizability. Furthermore, given the retrospective nature of this study, data collection was limited to existing medical records, and not all variables were able to be collected from every patient in the sample. For example, only one-third of patients had appropriate spirometry results available, with many of these results also occurring at heterogeneous time intervals before hospital admission. We also did not record information regarding patients' resuscitation status and treatment limitations at admission to ICU.
The long-term survival and quality of life for patients requiring admission to ICU for an exacerbation of COPD are beyond the scope of the present study. In addition, no information was collected regarding patients' functional status or frailty prior to hospital admission. Such information may be useful to inform decision making and resource allocation in the ICU.
Conclusion
Mortality from COPD remains high, and exacerbations of COPD are a significant cause of hospitalization and ICU admission. In the present study, patient age, APACHE-II score, ICU LOS, and IMV requirement were independent factors associated with in-hospital mortality for patients admitted to ICU for acute exacerbations of COPD. Further research is needed to elucidate the relationship between baseline spirometry values and patient outcomes in the long and
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Brown et al short term. Additionally, long-term follow-up of outcomes and quality of life post-ICU discharge would be beneficial.
